On July 24, 1969, the first extraterrestrial samples, with the exception of meteorites, were returned to earth by Apollo 11. Since then these samples and the samples returned by Apollo 12 have been subjected to scientific investigations by hundreds of scientists from many countries. Drawing on advances from the last 25 years of study of meteorites and terrestrial rocks the variety and sophistication of the techniques used on these samples is truly impressive. It can truthfully be said that 10 years ago we could not have made the measurements, and that, even if we had had the data, we could not have interpreted it. The electron microprobe, the scanning electron microscope, and the mass spectrometer, as well as other instruments and techniques, have joined the microscope as routine tools with which to attack a petrologic problem.
Most of the results to date have been published in special issues or volumes that are referenced separately in the bibliography (with tables of contents). Basic data on the flights, on the sample collections, and on the experiments conducted on the lunar surface are contained in two National Aeronautics and Space Administration reports (Ref. B and Ref. F Most of the basic observations, data, and conclusions summarized here were obtained by dozens of investigators. Hence, the references are included mainly to indicate a good starting point for further reading and are not inclusive.
The astronauts on the Apollo 11 and 12 missions did not sample bed rock. The returned lunar samples included large fragments of igneous rock and microbreccia collected on the lunar surface and samples of lunar soil.
The lunar soil is a diverse mixture of crystalline and glass fragments with a wide range of size. Most of the lithic fragments in the soil are similar to the larger Arden L. Albee is with the Division of Geological Sciences, California Institute of Technology, Pasadena 91109. igneous rock samples and are probably derived from the underlying bed rock. However, some are totally different from the larger fragments and may represent samples from other parts of the moon. The abundance of anorthosite fragments has led a number of workers to infer that the lunar highlands are comprised of anorthosite and that the separation of plagioclase from the magma to form the highlands is a major lunar process [Smith, et al, Ref. D, [1970] .
The microbreccias are a mechanical mixture of rock and glass fragments, not unlike the soil, but are compacted or welded into a coherent rock. Like the soil, they also contain rock types not found among the larger igneous rock samples. A much smaller proportion of microbreccia samples was returned from the Apollo 12 site than from the Apollo 11 site.
The larger igneous rock fragments from the Apollo 11 site range from very fine-grained vesicular basalts to vuggy, medium-grained microgabbros with little difference in mineralogy. A summary description of the rock samples is given by Schmitt et al [Ref. D, . These rocks consist predominantly of Ti-rich augite, calcic plagioclase, and ilmenite with lesser amounts of olivine, cristobalite, troilite, Fe-metal, and an interstitial K-and Al-rich 'phase,' consisting predominantly of glass and fine-grained crystalline material [Ref. D, [937] [938] [939] [940] [941] [942] [943] [944] [945] [946] [947] [948] [949] [950] [951] [952] [953] [954] [955] [956] , or James and Jackson [1970] .
Most of the igneous rocks returned from the Apollo 12 site are generally similar, but they exhibit a wider range of modal composition, grain size, and texture. Low-Ca pyroxenes and olivine are more abundant. Olivine vitrophyre contains skeletal olivine, which may represent subsolidus crystallization.
Minor minerals include zircon, baddeleyite, chlorofluoroapatite, whitlockite(?) high in rare earth elements, tridymite, quartz, K-feldspar, various spinels, metallic copper, pseudobrookite, and dysanalyte (?). Armalcolite (a ferropseudobrookife), pyroxferroite (an iron-analog of pyroxmangite), and several spinels of unusual compo- Wetherill [1968] , rocks with the composition of the Apollo 11 rocks cannot represent the bulk composition of the moon and must represent a derivative of some more primative material.
The chemical composition of the Apollo 11 igneous rocks is not grossly unlike that of terrestrial basalts, but the Fe and Ti content is distinctly higher and the Na content distinctly lower than occurs in typical terrestrial basalts. The compositions are quite uniform, but differ in the content of certain trace elements not abundant in the major minerals. The content of these 'incompatible' trace elements divides the rocks into two distinct groups with K differing by a factor of 4.4, Rb by 7.7, Ba by 3.0, Ce by 2.1, Zr by 1.5,Hfby 1.6, U by 4.1, and P by 2.0 [Gast et al, Ref. D, 1151 ] . Each of these groups is so similar chemically and isotopically that it appears likely that only two igneous bodies were sampled on the Apollo 11 mission. Compared with terrestrial basalts, they are all richer in refractory elements such as Ba, Y, Ti, Hf, Ta, Th, U, and trivalent rare earth elements, lower in alkalies, lower in volatile and chalcophile elements such as Bi, Hg, Zn, Cd, TI, Pb, Ge, and Br, and lower in most siderophile elements including Co, Ir, Ni, Pd, and Au Model Sr/Rb ages for the soil are much older than the ages of the rock fragments contained within it and indicate the presence of a component with a high Rb/Sr ratio with a model age of 4.6 X 10 9 years. Similarly model Pb-U-Th ages also indicate the presence of an ancient component with high Pb-U-Th contents.
Rock 12013 (described in Ref. G) is important because it has many of the characteristics of these soil components and it provides clear evidence of the existence and importance of K-, Rb-, U-, Th-rich granitic rocks and magmatic reservoirs in the early history of the moon. Rock 12013 contains the highest Si content and 10-50 times more K, Rb, Li, Ba, Y, Zr, Th, U, and rare earth elements than other lunar rocks. It is an extremely heterogeneous fragmental rock that has been permeated by a once-fluid granitic component, consisting dominantly of potassic feldspar and quartz. This granitic component has a high Rb/Sr and a model age of about 4.5 X 10 9 years. The existence of this rock and similar exotic fragments, taken in conjunction with the soil composition, indicates that such rocks will be found elsewhere on the moon and that they are important to our understanding of the early differentiation history of the moon. Rock 12013 is also important in finally ruling out a lunar origin for tektites [Taylor and Epstein, Ref. G, [208] [209] [210] . Although it has an Si0 2 content that is in the same range as that of some tektites, the oxygen isotopic values are totally outside the range of values for tektites.
No simple process can produce a melt with the distinctive characteristics of the lunar rocks from any known terrestrial rock or meteorite compositions. Volatile and alkali element loss in heating, gross separation of metal and sulfide phases, and silicate melt-solid differentiation must all be important The Rb/Sr isotopic data on the soil and on these exotic fragments strongly suggest that the distinctive chemical patterns were present almost at the beginning of the moon's history [Lunatic Asylum, Ref. G, , and, taken together with other geochemical data, appear to rule out a fission origin. Models involving accretion in a planet-satellite system, with the accretion dependent on temperature, the mass of the bodies, or both, have been proposed to account for many of these characteristics [Ringwood and Essene, Ref. D, 769-800; Ganapathy et al, Ref. D, 1117 Ref. D, -1142 .
However, the isotopic, chemical, and petrological data require, in addition, rapid differentiation of a lunar crust at 4.5 X 10 9 years and a mechanism for melt formation at 3.3 X 10 9 , 3.6 X 10 9 , and possibly 4.0 X 10 9 years. It is not yet clear whether the necessary heat source is internal, from long-lived radioactivities, or external, by very large scale impact. Nor is it yet clear whether the entire moon has been differentiated or only its outer shell. A large number of important studies, which do not fall directly into petrologic, mineralogic, and geochemical categories, were performed on the lunar samples and are included in References C and D. The studies of physical properties are important to the interpretation and extension of telescopic observations, seismic experiments, and magnetic measurements. Rocks on the lunar surface serve as a monitor of radiation from both the galaxy and the sun, and detailed studies have provided new information on lunar surface processes, the cosmicray flux, and the solar wind. The intensive search for complex carbon compounds of protobiological significance and for viable organisms produced negative results, and most of the observed carbon appears to be of solar-wind origin.
Although collected from only two locations, the Apollo samples have given a vast new insight into the processes that formed the moon and shaped its surface. The results do not resolve the problem of the origin of the moon. However, significant limits have been established for the chemical parameters, on the time, and on the rate of many processes. A large number of constraints must now be met by any theory that attempts to explain the origin of the moon. 
